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Glasdegib, an oral Hedgehog pathway inhibitor, has been associated with significantly improved survival
when combined with low-dose cytarabine in patients with untreated acute myeloid leukemia (AML) who
were unsuitable for intensive chemotherapy, when compared with low-dose cytarabine alone. BRIGHT
AML 1019 (NCT03416179) comprises two independently powered Phase III, randomized (1:1), double-blind
global trials evaluating oral glasdegib 100 mg once daily or placebo plus one of two standard chemother-
apy regimens in adults with untreated AML. The intensive trial combines glasdegib/placebo with cytara-
bine and daunorubicin (7 + 3), while the nonintensive trial combines glasdegib/placebo with azacitidine.
The primary end point of both studies is overall survival. Secondary end points include response, time to
and duration of response, event-free survival, safety, patient-reported outcomes and pharmacokinetics.
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Acute myeloid leukemia (AML) is a genetically heterogeneous hematologic malignancy often characterized by
multiple cytogenetic and molecular abnormalities at the time of diagnosis that influence the response to therapy,
duration of response and overall survival (OS). AML is a rare disease [1–3]; existing treatment options for AML, such
as a ‘7 + 3’ regimen of cytarabine plus an anthracycline or newly available first-line therapies (including a novel
liposomal cytarabine–daunorubicin formulation for secondary AML, targeted therapies for different mutations and
an antibody–drug conjugate), can induce complete remissions (CRs) in 50–80% of patients; however, refractory
disease or relapse after an initial response occurs in 60–80% of patients [4–6]. Despite recent advances in therapy,
new treatment options are still needed.

Leukemia stem cells (LSCs) can self-renew limitlessly, and can initiate AML development. Quiescent LSCs
have been shown to be chemoresistant and responsible for disease persistence. Persistence of LSCs contributes to
chemotherapy resistance and disease relapse. Chemotherapy may effectively debulk the disease in many instances,
but an elusive goal of therapy for AML has been to eradicate these earliest leukemic progenitors (i.e., LSCs) to
achieve a cure in more patients. Ideally, this would be achieved with less aggressive therapy and more tolerable
therapeutic agents [7–9].
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The Hedgehog (Hh) signaling pathway regulates cell differentiation and self-renewal in the developing embryo;
it is typically silenced in adult tissues. Aberrant Hh signaling has been identified in a variety of human leukemias and
LSCs [10]. Upregulation of Hh pathway components has been observed in vitro in AML cell lines that are resistant
to chemotherapy, and pharmacological inhibition of the Hh pathway resulted in MDR-1 or P-gp expression [11].
Hh inhibitors act synergistically when combined with conventional chemotherapy in the treatment of hematologic
cancers [12–14].

In normal tissue, the transmembrane protein smoothened (SMO) is essential for Hh pathway activation [13,15].
Studies using nonclinical models showed that SMO is involved in the maintenance of LSC dormancy acting via its
effector GLI2, and is associated with resistance to chemotherapy and targeted therapy.

Glasdegib is a SMO inhibitor that has demonstrated potent and selective inhibition of Hh signaling in vitro,
and significant antitumor efficacy in vivo [12,16–18]. SMO inhibition by glasdegib can cause LSCs to re-enter the
cell cycle [16–20]. Hh signaling can be aberrantly activated in AML through epigenetic silencing of the pathway
suppressor GLI3, and hypomethylating agents (HMAs) can reactivate GLI3 expression and modulate Hh signaling.
The combination of hypomethylating agent and glasdegib has synergistic activity against AML [21].

Glasdegib demonstrated clinical activity in Phase I and Ib/II trials in patients with hematologic malignan-
cies, including untreated AML or high-risk myelodysplastic syndromes (MDS) [22–28]. The Phase Ib/II trial
(NCT01546038) of glasdegib in combination with ‘7 + 3’ in patients with AML or MDS showed evidence of
clinical activity without additional safety concerns [25,26]. For adult patients with untreated AML who were con-
sidered unlikely to tolerate intensive chemotherapy, glasdegib plus low-dose cytarabine (LDAC) (n = 78) improved
OS compared with LDAC alone (n = 38) (median 8.3 vs 4.3 months; hazard ratio [HR] 0.46; 80% CI: 0.35–0.62,
95% CI: 0.30–0.72; p = 0.0002). Rates of CR, CR with incomplete blood count recovery (CRi) and morphologic
leukemia-free state (MLFS) were higher when patients were treated with glasdegib plus LDAC than with LDAC
alone (26.9%; 80% CI: 20.5–33.4 vs 5.3%; 80% CI: 0.6–9.9). CR rate was also higher in the glasdegib plus LDAC
group (17.9%, 80% CI: 12.4–24.8 vs 2.6%, 80% CI: 0.3–9.9) [27].

Based on these findings, glasdegib plus LDAC is approved in the USA for patients with untreated AML who are
≥75 years or who have comorbidities that preclude intensive induction chemotherapy.

Background & rationale
Glasdegib has been studied in >300 patients across multiple diseases [22–29]. The clinical benefit seen with the
approximate doubling of OS in patients treated with glasdegib plus LDAC versus LDAC alone [27] constitutes the
rationale for designing and executing this Phase III trial to further study glasdegib to understand its possible effects
in combination with other standard-of-care chemotherapies for untreated adult AML.

Glasdegib with daunorubicin & cytarabine as intensive chemotherapy
Standard ‘7 + 3’ induction chemotherapy with cytarabine and daunorubicin has been the mainstay of AML
therapy for over 40 years. It induces remissions in 60% or more patients with untreated AML; however, despite
postremission therapy including transplantation, a majority of patients relapse and die of AML [30–33].

Data from the open-label, single-arm Phase II glasdegib trial showed that among patients with untreated AML
or MDS who were treated with glasdegib plus ‘7 + 3’ (n = 69), 46.4% (80% CI: 38.7–54.1) achieved CR;
the median OS was 14.9 months (80% CI: 13.4–19.3) and the 12-month survival probability was 66.6% (80%
CI: 58.5–73.4). Responses were observed across a variety of mutations (12 genes) [26]. Compared with historical
data from risk-adjusted cohorts treated with cytarabine-based intensive regimens, OS appears better than expected
following treatment with glasdegib plus ‘7 + 3’ [26].

Glasdegib plus azacitidine as nonintensive chemotherapy
Azacitidine has wide therapeutic application for patients with AML. It is approved in the European Union for
patients with AML aged ≥65 years who are not eligible for allogeneic hematopoietic stem cell transplantation
(HSCT) [32,34], and regularly used in the USA for the same indication. The median OS in patients treated with
azacitidine alone increased from 6.5 to 10.4 months compared with conventional care regimens, with a trend
toward statistical significance [35]. In preclinical studies, SMO inhibitors (erismodegib [36] or glasdegib [18]) plus
azacitidine showed synergistic activity.

3532 Future Oncol. (2019) 15(31) future science group



Glasdegib Phase III BRIGHT AML 1019 study design Clinical Trial Protocol

Glasdegib (100 mg) for up to 2 years †

´7 + 3´ induction(s)†

´7 + 3´ induction(s)†

Placebo for up to 2 years†

Glasdegib (100 mg)†

Azacitidine†

Randomize
1:1

Randomize
1:1

Intensive 
chemotherapy

Arm A

Arm B

n = 200:200

Arm A

Arm B

n = 160:160Nonintensive 
chemotherapy

Azacitidine†

Placebo†

Consolidation†

Consolidation†

Figure 1. BRIGHT AML 1019 trial study design.
†For dosing details, see Figures 2 & 3.

The Phase Ib trial of glasdegib plus azacitidine showed evidence of clinical activity with no evidence of drug–drug
interaction; CRs were observed in 4 of the 12 patients, which appeared favorable in the context of the 15–17%
CR rate seen with azacitidine alone [23].

Glasdegib dosing & schedule
Based on the observed clinical benefit, safety and tolerability profile, modulation of Hh pathway and the likelihood
and impact of concomitant cytochrome P450 3A4 inhibitor(s) on glasdegib exposure, the optimal starting dose of
glasdegib in combination with chemotherapy was determined to be 100 mg once daily (QD) given orally with or
without food.

In the intensive therapy study, blinded therapy (glasdegib or placebo) is administered QD and continuously
for up to 2 years postrandomization or until treatment failure, hematologic relapse, disease progression, toxicity,
consent withdrawal, death or elimination of measurable/minimal residual disease (MRD) postconsolidation. In the
nonintensive study, azacitidine and blinded therapy is scheduled to be administered for at least 6 cycles. Thereafter,
therapy can continue indefinitely until disease progression, relapse, unacceptable toxicity, patient refusal or death.

In both the intensive and nonintensive studies, patients may receive HSCT. Eligible patients will stop study
therapy 28 days prior to HSCT and may resume blinded therapy only 30–60 days post HSCT, when eligible.
Single-agent blinded therapy will continue post HSCT until 2 years postrandomization, until achievement of MRD
negative status, withdrawal of consent or disease progression, whichever comes first.

Design
Study design
BRIGHT AML 1019 includes two independent global studies in adult patients with untreated AML (Figure 1).
This is an innovative, patient-centric design allowing treating physicians and patients to determine goals of care and
enroll on either arm. In the intensive study, 400 patients will be randomized (1:1) to receive glasdegib or placebo,
in combination with standard intensive chemotherapy. In the nonintensive study, 320 patients will be randomized
(1:1) to receive glasdegib or placebo, in combination with azacitidine. Assignment to the intensive or nonintensive
study will be decided by the investigator.

At randomization, patients will be stratified by the European LeukemiaNet (ELN) [37] genetic risk group
(favorable vs intermediate vs adverse) and age. Patients will be randomized by a centralized interactive (web or
voice) response technology system. Glasdegib or placebo treatment allocation will be blinded to the patient, the
investigator and study site staff and the sponsor’s study team.

future science group www.futuremedicine.com 3533



Clinical Trial Protocol Cortes, Dombret, Merchant et al.

Table 1. Objectives and end points.
Primary objective: Primary end point:

• To investigate whether glasdegib is superior to placebo in combination with
azacitidine (nonintensive study) or cytarabine and daunorubicin (intensive study)
in prolonging OS in subjects with untreated AML

• OS

Secondary objectives: Secondary end points:

• To compare fatigue score postbaseline as measured by MDASI-AML/MDS in both
treatment arms
• To compare glasdegib vs placebo in combination with azacitidine (nonintensive
study) or ‘7 + 3’ (cytarabine and daunorubicin) in improving other clinical efficacy
measures
• To estimate the duration of response in both treatment arms
• To estimate the time to response in both treatment arms in the nonintensive
study only
• To compare EFS in both treatment arms
• To compare PRO measurements in both treatment arms
• To evaluate the overall safety profile in both treatment arms
• To evaluate laboratory abnormalities in both treatment arms
• To characterize the PK of glasdegib
• To characterize treatment effects on the QTc interval

• Fatigue score measured by MDASI-AML/MDS questionnaire
• Rate of CR (including CRMRD-neg as assessed by multiparametric flow cytometry), CRi
as defined by the ELN recommendations (2017) [32], MLFS, PR and CRh for the
nonintensive study only
• Duration of response (defined as CR [includes CRMRD-neg]/CRi or CR/CRh as
appropriate)
• Time to response (CR [includes CRMRD-neg]/CRi or CR/CRh as appropriate) in the
nonintensive study only
• EFS
• PROs as measured by the MDASI-AML/MDS Module, EQ-5D-5L, PGIS and PGIC
• AEs as characterized by type, frequency, severity (as graded by NCI CTCAE v.4.03),
timing, seriousness and relationship to study therapy
• Laboratory abnormalities as characterized by type, frequency, severity (as graded
by NCI CTCAE v.4.03) and timing
• PK of glasdegib
• QTc interval

Exploratory objectives: Exploratory end point:

• Bone marrow and blood biomarkers of response and/or resistance to glasdegib
in combination with azacitidine or daunorubicin and cytarabine
• PROs for symptomatic AEs
• To collect banked biospecimens for exploratory research, unless prohibited by
local regulations or ethics committee decision

• Molecular, cellular and soluble markers in peripheral blood and/or bone marrow
• As measured by a questionnaire containing two items from the PRO-CTCAE item
library v.1.0 and an add-on item on muscle spasm
• Transfusion independence for the nonintensive study only
• Collection of banked bio specimens unless prohibited by local regulations or ethics
committee decision

AE: Adverse event; AML: Acute myeloid leukemia; CR: Complete remission; CRh: CR with partial hematologic recovery; CRi: CR with incomplete blood count recovery; CRMRD-neg: CR with
negative MRD; EFS: Event-free survival; ELN: European LeukemiaNet; EQ-5D-5L: EuroQoL 5-Dimension questionnaire 5-Level version; Hh pathway: Hedgehog pathway; MDASI-AML/MDS:
M.D. Anderson symptom Inventory for AML/MDS; MDS: Myelodysplastic syndrome; MLFS: Morphologic leukemia-free state; MRD: Measurable/minimal residual disease; NCI CTCAE:
National Cancer Institute Common Terminology Criteria for Adverse Event; OS: Overall survival; PGIC: Patient Global Impression of Change; PGIS: Patient Global Impression of Symptom;
PK: Pharmacokinetic; PR: Partial remission; PRO: Patient-reported outcome; PRO-CTCAE: Patient-reported outcomes version of the Common Terminology Criteria for Adverse Event; QTc:
Corrected QT interval.

Study objectives
The primary objective is to determine if glasdegib is superior to placebo in combination with cytarabine and
daunorubicin (intensive trial) or azacitidine (nonintensive trial) in prolonging OS among patients with untreated
AML. Table 1 shows the secondary and exploratory objectives and the relevant end points.

Eligibility criteria
Adult patients (≥18 years, ≥20 years in Japan) with untreated AML (using the World Health Organization 2016
classification [38], including AML evolved from MDS or antecedent hematologic disease or secondary AML) are
eligible. Eligible patients must have adequate liver and renal function, in other words, serum aspartate amino-
transferase and alanine aminotransferase ≤3 × upper limit of normal, total serum bilirubin ≤2 × upper limit of
normal and estimated creatinine clearance ≥30 ml/min; and QT interval corrected by the Fridericia Correction
Formula (QTcF) ≤470 ms. Female patients of childbearing potential and male patients capable of fathering chil-
dren must use highly effective contraception throughout the study and for 180 days after the last dose of study
drug, whichever occurs later.

Key exclusion criteria include acute promyelocytic leukemia, AML with BCR-ABL1 or t(9;22)(q34;q11.2) as
a sole abnormality, known active central nervous system leukemia, having another active malignancy on treat-
ment, presence of a life-threatening or clinically significant uncontrolled systemic infection, or left ventricular
ejection fraction <50% (intensive trial only). Table 2 shows full eligibility criteria.

Planned sample size
For the intensive study stratified by ELN genetic risk and age (≤60 vs >60 years), 400 patients with 267 deaths
would provide 90% power to detect an improvement in OS with HR = 0.67 (translated from a median OS of
21.0 vs 31.5 months), using a 1-sided log-rank test at a significance level of 0.025 and a 3-look group-sequential
design. For adult patients (≥17 years) with AML who received intensive therapy, the median OS was 23.7 months
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Table 2. Eligibility criteria.
Inclusion criteria
Patients must meet all of the following inclusion criteria to be eligible for enrollment into the intensive and nonintensive study (unless otherwise indicated):

1 Patients with untreated AML according to the WHO 2016 classification [38], including those with:
• AML arising from MDS or another AHD
• AML after previous cytotoxic therapy or radiation (secondary AML)
• FLT3+ AML, assuming the patient is not receiving and is not intended to receive FLT3 inhibitor therapy during study participation

2 ≥18 years of age (≥20 years of age in Japan)

3 Adequate organ function as defined by the following:
• Serum AST and ALT ≤3 × ULN, excluding patients with liver function abnormalities due to underlying malignancy
• Total serum bilirubin ≤2 × ULN (except patients with documented Gilbert’s syndrome)
• Estimated creatinine clearance ≥30 ml/min as calculated using the standard method for the institution

4 QTc interval ≤470 ms using QTcF
• QTc criteria for eligibility does not apply to patients with a functioning pacemaker, whether the rhythm is paced or not

5 All anticancer treatments (unless specified) should be discontinued ≥2 weeks from study entry, for example: targeted chemotherapy, radiotherapy,
investigational anticancer agents, hormones or cytokines
• For control of rapidly progressing leukemia, hydroxyurea and/or leukapheresis may be used before and for up to 1 week after the first dose of
glasdegib. Continuation or resumption of hydroxyurea or leukapheresis after that time period must be approved by the study sponsor

6 Serum or urine pregnancy test (for female patients of childbearing potential) with a minimum sensitivity of 25 IU/l or equivalent units of hCG-negative
at screening

7 Male and female patients of childbearing potential and at risk for pregnancy must agree to use at least one highly effective method of contraception
throughout the study and for 180 days after the last dose of azacitidine, cytarabine or daunorubicin; and the last dose of glasdegib or placebo,
whichever occurs later

8 Female patients of nonchildbearing potential must meet at least 1 of the following criteria:
• Have undergone a documented hysterectomy and/or bilateral oophorectomy;
• Have medically confirmed ovarian failure; or
• Have achieved postmenopausal status, defined as follows: cessation of regular menses for at least 12 consecutive months with no alternative
pathological or physiological cause; status may be confirmed by having a serum FSH level confirming the postmenopausal state
All other female patients (including female patients with tubal ligations) are considered to be of childbearing potential

9 Consent to a saliva sample collection for a germline comparator, unless prohibited by local regulations or ethics committee decision

10 Evidence of a personally signed and dated informed consent document indicating that the patient has been informed of all pertinent aspects of the
study

11 Patients who are willing and able to comply with the study-scheduled visits, treatment plans, laboratory tests and other procedures (including bone
marrow assessments)

Exclusion criteria
Patients with any of the following characteristics/conditions will not be included in the study:

1 APL and APL with PML-RARA (WHO 2016 classification) [38]. This disease is associated with t(15;17)

2 AML with BCR-ABL1 or t(9;22)(q34;q11.2) as a sole abnormality
• Complex genetics may include t(9;22) cytogenetic translocation

3 Patients with known active CNS leukemia

4 Participation in other clinical studies involving other investigational drug(s) (Phases I–IV) within 4 weeks prior to study entry and/or during study
participation

5 Patients known to be refractory to platelet or packed red cell transfusions per institutional guidelines, or a patient who refuses blood product support

6 Patients with another active malignancy on treatment with the exception of basal cell carcinoma, nonmelanoma skin cancer, cervical carcinoma in situ.
Other prior or concurrent malignancies will be considered on a case-by-case basis

7 Any one of the following ongoing or in the previous 6 months: myocardial infarction, congenital long QT syndrome, torsades de pointes, symptomatic
arrhythmias (including sustained ventricular tachyarrhythmia), right or left bundle branch block and bifascicular block, unstable angina,
coronary/peripheral artery bypass graft, symptomatic CHF (CHF New York Heart Association Class III or IV), cerebrovascular accident, transient ischemic
attack or symptomatic pulmonary embolism; as well as bradycardia defined as �50 bpm

8 Patients with an active, life-threatening or clinically significant uncontrolled systemic infection not related to AML

9 Patients with LVEF �50% are excluded from the intensive chemotherapy study only

10 Cumulative anthracycline dose equivalent of ≥550 mg/m2 of daunorubicin for the intensive chemotherapy study only

11 Known malabsorption syndrome or other condition that may significantly impair absorption of study medication in the investigator’s judgment
(e.g., gastrectomy, lap band and Crohn’s disease) and inability or unwillingness to swallow tablets or capsules

12 Current use or anticipated requirement for drugs that are known strong CYP3A4/5 inducers

13 Concurrent administration of herbal preparations

14 Major surgery or radiation within 4 weeks of starting study treatment

AHD: Antecedent hematologic disease; ALT: Alanine aminotransferase; AML: Acute myeloid leukemia; APL: Acute promyelocytic leukemia; AST: Aspartate aminotransferase;
CHF: Congestive heart failure; CNS: Central nervous system; CYP3A4/5: Cytochrome P450 3A4/5; FSH: Follicle-stimulating hormone; hCG: Human chorionic gonadotropin;
LVEF: Left ventricular ejection fraction; MDS: Myelodysplastic syndrome; PML-RARA: Promyelocytic leukemia/retinoic acid receptor alpha; QTc: Corrected QT interval; QTcF:
Fridericia formula for QT interval correction; ULN: Upper limit of normal.
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Table 2. Eligibility criteria (cont.).
Exclusion criteria
Patients with any of the following characteristics/conditions will not be included in the study:

15 Documented or suspected hypersensitivity to any one of the following:
• For patients assigned to intensive chemotherapy, documented or suspected hypersensitivity to cytarabine (not including drug fever or
exanthema, including known cerebellar side effects) or daunorubicin
• For patients assigned to nonintensive chemotherapy, documented or suspected hypersensitivity to azacitidine or mannitol

16 Known active drug or alcohol abuse

17 Other acute or chronic medical or psychiatric condition including recent (within the past year) or active suicidal ideation or behavior or laboratory
abnormality that may increase the risk associated with study participation or investigational product administration or may interfere with the
interpretation of study results and, in the judgment of the investigator, would make the subject inappropriate for entry into this study

18 Pregnant or breastfeeding female patients

19 Known recent or active suicidal ideation or behavior

20 Investigator site staff members directly involved in the conduct of the study and their family members, site staff members otherwise supervised by the
investigator, or patients who are employees of the sponsor, including their family members, directly involved in the conduct of the study

AHD: Antecedent hematologic disease; ALT: Alanine aminotransferase; AML: Acute myeloid leukemia; APL: Acute promyelocytic leukemia; AST: Aspartate aminotransferase;
CHF: Congestive heart failure; CNS: Central nervous system; CYP3A4/5: Cytochrome P450 3A4/5; FSH: Follicle-stimulating hormone; hCG: Human chorionic gonadotropin;
LVEF: Left ventricular ejection fraction; MDS: Myelodysplastic syndrome; PML-RARA: Promyelocytic leukemia/retinoic acid receptor alpha; QTc: Corrected QT interval; QTcF:
Fridericia formula for QT interval correction; ULN: Upper limit of normal.

for those ≤60 years and 15 months for those >60 years [39,40]; therefore, a composite median OS of 21 months
was assumed.

For the nonintensive trial, patients will be stratified by ELN genetic risk and age (<75 vs ≥75 years); 320
patients with 220 deaths would provide 90% power to detect an improvement in OS with HR = 0.64 (translated
from a median OS of 10.4 months [patients ≥65 years with untreated AML and >30% bone marrow blasts] [35]

vs 16.2 months) using a 1-sided log-rank test at a significance level of 0.025 and a 2-look group-sequential design.

Planned study period
Assuming that enrollment increases steadily for 10 months to reach 18 patients per month, then plateaus at that
rate, the estimated time is 28 and 23 months to enroll 400 and 320 patients in the intensive and nonintensive
chemotherapy studies, respectively. The estimated number of death events will accrue within 58 and 37 months
after the first patient was randomized into each study; however, the actual time will be affected by actual patient
enrollment and dropout rates.

Dose & therapy
Patients randomized in the intensive study (Figure 2) will receive glasdegib 100 mg QD or placebo (blinded therapy)
on Day 1 and continue for up to 2 years or until disease progression, toxicity or MRD-negative postconsolidation
and/or HSCT. ‘7 + 3’ induction will consist of intravenous (IV) cytarabine 100 mg/m2 for 7 days + daunorubicin
60 mg/m2 for 3 days; if a second induction is indicated, ‘7 + 3’ or ‘5 + 2’ will be used per physician’s choice.
Consolidation consists of single-agent IV cytarabine 1 g/m2 (patient ≥60 years) or 3 g/m2 (patient <60 years)
over 3 h twice daily on Days 1, 3 and 5 every 28 days for up to 4 cycles (alternative schedules may be used). Patients
who proceed to HSCT will stop blinded therapy at least 28 days prior to HSCT, and may resume blinded therapy
30–60 days post-HSCT assuming absolute neutrophil count (ANC) engraftment (≥0.5 × 109/l for 3 consecutive
days without growth factor support), no ongoing ≥grade 2 graft-versus-host disease (GvHD) and no ongoing
serious adverse events (SAEs) that prevent resumption of glasdegib/placebo in the judgment of the investigator.

Patients randomized in the nonintensive study (Figure 3) will receive blinded therapy continuously in combina-
tion with azacitidine (75 mg/m2) given subcutaneously or intravenously for 7 days in 28-day cycles. Treatment will
continue for at least 6 cycles, or until unacceptable toxicity, disease progression, patient refusal or death, whichever
occurs first.

In both the intensive and nonintensive studies, patients who proceed to HSCT will interrupt study therapy
28 days prior to HSCT. Single-agent blinded therapy may be resumed 30–60 days post-HSCT once there is ANC
engraftment, no ≥grade 2 GvHD and no ongoing serious adverse events (SAEs) that prevent resuming blinded
therapy in the judgment of the investigator. Blinded therapy may continue for up to 2 years postrandomization,
until MRD negativity is documented postconsolidation and/or HSCT on two consecutive evaluations, withdrawal,

3536 Future Oncol. (2019) 15(31) future science group



Glasdegib Phase III BRIGHT AML 1019 study design Clinical Trial Protocol
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HSCT post remission:
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resume 30–60 days post HSCT, once
ANC engraftment confirmed§

5 + 2 induction therapy:
Cytarabine (100 mg/m2) IV +
daunorubicin (60 mg/m2) IV

7 + 3 induction therapy:
Cytarabine (100 mg/m2) IV +
daunorubicin (60 mg/m2) IV

Glasdegib (100 mg) PO or placebo,
once a day

Keep administering even if delays with
chemotherapy

7 + 3 induction therapy:
Cytarabine (100 mg/m2) IV + daunorubicin (60 mg/m2) IV

If <5% marrow blasts or investigator 
judgment†

Figure 2. Intensive chemotherapy treatment algorithm.
†If <5% Bone marrow (BM) blasts, the investigator may choose to start a second induction therapy or proceed to consolidation therapy
with single-agent cytarabine and/or postremission HSCT.
‡Consolidation with cytarabine 3 g/m2 IV for adults <60 years and 1 g/m2 for adults ≥60 years over 3 h, BID, on Days 1, 3 and 5, every
28 days for up to 4 cycles. Alternative single-agent cytarabine consolidation schedules may be used per local prescribing information.
§Resume glasdegib or placebo 30–60 days post day of stem cell infusion, once there is confirmed ANC engraftment (≥0.5 × 109/l) for 3
consecutive days with no growth factor support, no ≥grade 2 ongoing GvHD and no ongoing SAEs that prevent resuming glasdegib or
placebo in the judgment of the investigator. Following post consolidation or post HSCT, modify treatment based on two matching and
consecutive MRD results (by central laboratory) when they are available. MRD test results are not required prior to continuing glasdegib
or placebo, however, modify treatment when results are available.
¶Post consolidation BM assessment should be conducted after chemotherapy-based consolidation period and before any subsequent
treatment. For patients proceeding to HSCT, post-HSCT BM assessment will be conducted approximately 3 months after HSCT. This
post-HSCT BM assessment may be later than the resumption of glasdegib or placebo 30–60 days post HSCT.
ANC: Absolute neutrophil count; BID: Twice daily; BM: Bone marrow; GvHD: Graft-versus-host disease; HSCT: Hematopoietic stem cell
transplantation; IV: Intravenous; MRD: Measurable/minimal residual disease; PO: By mouth; SAE: Serious adverse event.
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     engraftment (ANC ≥500/μl), lack of ongoing ≥grade 2 GvHD,
     and no ongoing SAEs that prevent resumption, in the
     judgement of the investigator
•    Do not resume azacitidine post HSCT
•    Continue glasdegib or placebo until disease progression,
     relapse, unacceptable toxicity, patient refusal or death§

•    Post HSCT, glasdegib or placebo must be stopped if 
     two consecutive MRD assessments are negative; if MRD result
     is negative once, continue treatment and reassess MRD
     3 months later

Glasdegib (100 mg) PO or placebo, once a day†

Keep administering even if delays with chemotherapy
+

BM
assessment‡

Figure 3. Nonintensive chemotherapy treatment algorithm.
†Details for azacitidine administration with glasdegib or placebo are described in study protocol.
‡A Bone marrow (BM) assessment is required when omplete remission is suspected or after end of Cycle 6, whichever is earlier. BM
aspirate is required, and biopsy is preferred. Following Cycle 6, BM assessments will occur when there is an intention for patient to receive
HSCT, or when progressive disease is suspected.
§Post-HSCT, glasdegib or placebo is administered up to 2 years after randomization.
ANC: Absolute neutrophil count; BM: Bone marrow; CR: Complete remission; GvHD: Graft-versus-host disease; HSCT: Hematopoietic stem
cell transplantation; IV: Intravenous; MRD: Measurable/minimal residual disease; PO: By mouth; SAE: Serious adverse event; SC:
Subcutaneous.

disease progression, relapse, unacceptable toxicity or death. Glasdegib or placebo may continue regardless of
chemotherapy dose modifications/delays.

Study procedures
Screening may occur up to 28 days. All assessments on Day 1 of study therapy will be collected predose, unless
documented otherwise. Patients may withdraw from the study at any time by their own request, or as advised by
the investigator. Follow-up for survival is up to 5 years from the first dose of the last patient enrolled in the study,
or until death, or consent withdrawal.

Efficacy end points & assessments
Efficacy end points include OS, event-free survival (EFS), rates of response (CR, CR with negative MRD
[CRMRD-neg], CRi, CR with partial hematologic recovery [CRh, nonintensive only], MLFS and partial response
[PR]) and duration of and time to response. OS is the primary end point of both studies, defined as time from
randomization to death due to any cause.

EFS is defined as time from randomization to treatment failure, relapse from CR or CRh (nonintensive only) or
death from any cause. Treatment failure is failure to achieve CR during the induction cycle (including the re-
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Table 3. Glasdegib or placebo dose modifications for nonhematologic toxicities excluding QTc prolongation, muscle
spasms and myalgia.
Toxicity Glasdegib or placebo

≥Grade 3 toxicity nausea, vomiting and/or diarrhea persist at ≥grade 3 despite
maximal appropriate medical therapy

Hold study drug until toxicity has recovered to baseline or ≤grade 1
• First episode: decrease by 1 dose level
• Second episode: decrease by 1 dose level
• Third episode: permanently discontinue
Dose escalations are not allowed following glasdegib or placebo dose reductions

Potential DILI† Interrupt study drug dosing
If an alternative cause is found, restarting of glasdegib or placebo at the same dose
may be considered

Confirmed DILI† Permanently discontinue study drug

Toxicity is graded by the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.03.
†DILI is assessed per Hy’s law criteria. Patients with normal baseline AST, ALT and TBili values who have AST or ALT values �3 × ULN, TBili value �2 × ULN with no evidence of hemolysis,
and alkaline phosphatase value �2 × ULN or not available are evaluated further as potential DILI cases to definitively determine the etiology of the abnormal laboratory values. Patients
with baseline AST or ALT values above the ULN are evaluated further as potential DILI cases if they have AST or ALT values more than two-times the baseline values and �3 × ULN or
�8 × ULN, whichever is smaller. Patients with baseline TBili above the normal range are evaluated further as potential DILI cases if their TBili level increases from baseline value by an
amount of at least 1 × ULN or if the value reaches �3 × ULN, whichever is smaller.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DILI: Drug-induced liver injury; QTc: Corrected QT interval; TBili: Total bilirubin; ULN: Upper limit of normal.

induction cycle if applicable) for intensive therapy, and failure to achieve CR or CRh following up to 6 cycles of
study treatment for nonintensive therapy.

Disease response is evaluated using the 2017 ELN recommendations for diagnosis and management of AML in
adults [32], including CR, with MRD status as assessed centrally by multiparametric flow cytometry; CRi; MLFS;
PR; and CRh for the nonintensive study only. CRh is defined as CR but with ANC >0.5 × 109/l and platelets
>50 × 109/l.

Duration of response (defined as time from CR [includes CRMRD-neg]/CRi or CR/CRh as appropriate to disease
progression, or relapse after CRi/CRh or better, or death due to any cause) will be assessed. Time to response
(defined as time from randomization to CR [includes CRMRD-neg]/CRi or CR/CRh as appropriate for responders
only) will be assessed in the nonintensive study only.

Genetic risk will be classified according to the 2017 ELN guideline [32]. A bone marrow aspirate sample will be
required at screening for all patients, and a bone marrow biopsy preferred. No bone marrow assessments (BMA)
will be necessary if nonresponse or progressive disease (PD) can be confirmed from peripheral blood evaluation
or radiological/clinical assessment. For the intensive study, when applicable, BMA will be performed shortly after
completion of the first induction chemotherapy (to determine if/when the second induction should be started), at
the end of induction upon at least partial hematologic recovery, at the end of consolidation period and pre- and
post-HSCT. A disease assessment will be performed once yearly for patients in remission and whenever relapse is
suspected as appropriate. For the nonintensive study, BMA will be performed when CR is suspected or after cycle
6 (whichever is earlier), pre-HSCT, once yearly for patients in remission and when PD is suspected.

All bone marrow samples will be evaluated by a local laboratory and assessed by the investigator for response. In
addition, bone marrow aliquots will be shipped to a central laboratory for MRD analysis and molecular profiling.

Safety assessments
Safety assessments will include collection of AEs, SAEs, vital signs, complete physical examination including per-
formance status, triplicate 12-lead electrocardiogram (ECG), routine laboratory assessments, transfusions, HSCT-
related information and verification of concurrent medications, and other interventions. Severity of AEs will be
graded by the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE, version
4.03). Acute and chronic GvHD will be assessed and graded using standard criteria [41–43].

Dose of blinded therapy will be modified (dose reduction, treatment interruption or discontinuation) if patients
experience treatment-related grade 3–4 nonhematological toxicities (nausea, vomiting and/or diarrhea persist at
≥grade 3 despite maximal appropriate medical therapy, potential and confirmed drug-induced liver injury [Hy’s
Law]); grade 2–3 muscle spasms or myalgia; or grade 2–4 mean QTcF prolongation (Tables 3–5).
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Table 4. Glasdegib or placebo dose modifications and other management procedures for mean QTcF prolongation.
Category Action Grade of QTc prolongation

1 2 3 4

General management Assess electrolyte levels and supplement as clinically indicated X X X

Review and adjust concomitant medications with known QTc interval-prolonging effects X X X

ECG monitoring Monitor ECGs at least weekly for 2 weeks following resolution of mQTcF prolongation to ≤480 ms X X X

Initial glasdegib action Discontinue and do not rechallenge X

Interrupt treatment X

Continue treatment at same dose X X

Resume glasdegib
dosing

If no prior glasdegib dose interruption related to QTcF prolongation has occurred, resume at a
reduced dose of 75 mg once daily when mQTcF interval returns to within 30 ms of baseline or
≤480 ms

X

If one prior glasdegib dose interruption related to QTcF prolongation has occurred, resume at a
reduced dose of 50 mg once daily when mQTcF interval returns to within 30 ms of baseline or
≤480 ms

X

Discontinue glasdegib
permanently

If two prior glasdegib dose interruptions related to QTcF prolongation have occurred X

The severity of QTc prolongation is assessed by calculating a mean QT of three consecutive ECGs performed ∼2 min (but no longer than 5 min) apart using the QTcF. When QTc
prolongation is 450–480 ms, the severity is grade 1; QTc at 481–500 ms is grade 2; and QTc ≥501 ms for at least two separate ECGs is grade 3. If QTc ≥501 ms or �60 ms
change from baseline and torsade de pointes or polymorphic ventricular tachycardia or signs/symptoms of serious arrhythmia, the severity is grade 4.
ECG: Electrocardiogram; mQTcF: Dose modifications for mean QTcF; QTc: Corrected QT; QTcF: Fridericia formula for QT interval correction.

Table 5. Glasdegib or placebo dose modifications and other management procedures for muscle spasms and
myalgia.
Glasdegib or placebo dose and other management procedures Muscle spasms and myalgia

Grade 1 Grade 2 Grade 3

Continue at same dose level X X

Hold dose X

Administer oral rehydration solutions containing electrolytes† X X X

Consider other appropriate interventions (e.g., antispasmodics) as per institutional guidelines X X X

Evaluate levels of CK, Vit B6, Vit D, ferritin, transferrin and electrolytes (Na, K, Mg, Ca and P)‡ X X X

If CK is elevated, evaluate urine and serum myoglobin, CK isoenzymes and plasma creatinine X X X

If event persists, hold dose until resolution to grade ≤1. Upon resolution, restart at prior dose, or for prolonged
muscle spasms, consider reducing dose by one dose level

X

Upon resolution to grade ≤1, restart study treatment at next lower dose level. If the event does not resolve within
3 weeks to grade ≤1, at the discretion of the investigator the dose may be restarted at the next lower dose level
or the patient may be permanently discontinued from study treatment

X

In the event of alopecia or dysgeusia, investigator discretion should be applied with respect to dose interruption and/or dose reduction of glasdegib/placebo as preliminary
analysis of available clinical data suggests that these events are not dose dependent.
†Electrolyte replacement drinks should include Na, K, Mg, Ca and P. Consideration should be given to ensuring adequate hydration prior to bedtime, and whenever fluid intake
is decreased for a prolonged duration.
‡Samples for laboratory examinations may be taken as unscheduled assessments between protocol visits.
Ca: Calcium; CK: Creatinine kinase; K: Potassium; Mg: Magnesium; Na: Sodium; P: Phosphorus; Vit: Vitamin.

Biomarker assessments
Biomarker assessments on all enrolled patients will be performed at a central laboratory. Bone marrow aspirate will
be used for MRD assessment and molecular profiling, peripheral blood for soluble factor assessments and saliva
sample is used as a germline comparator.

Pharmacokinetics of glasdegib
The pharmacokinetics (PK) of glasdegib will be analyzed using a validated method. A sparse PK sampling approach
will be utilized in this double-blind study, with limited PK samples collected during induction/consolidation
(intensive study) and Cycles 1–3 (nonintensive study). PK samples obtained within 10% of the nominal time
(e.g., within 6 min of a 60-min sample) will be considered protocol-compliant. The predose PK sample should be
collected within 30 min before administration of glasdegib.
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Pharmacogenomics
Banked biospecimens (whole blood samples) will be collected from patients for exploratory research relating to the
drug and AML. Biospecimens will be used only for the purposes described in the protocol and informed consent
document; any other uses require additional ethical approval.

Patient-reported outcomes
Patient-reported outcomes (PRO) will be measured using the MD Anderson Symptom Inventory AML/MDS
Module (MDASI-AML/MDS), EuroQol 5-Dimension Questionnaire 5-Level version (EQ-5D-5L), Patient Global
Impression of Symptoms (PGIS) and Patient Global Impression of Change (PGIC). In addition, a PRO version
of the CTCAE (PRO-CTCAE) will be used. Fatigue (tiredness) score measured by the MDASI-AML/MDS
questionnaire is a key secondary efficacy end point. PGIC is completed at all postbaseline time points, without an
initial baseline assessment.

Data analysis/statistical methods
Analysis population
The full analysis set will include all randomized patients. Patients will be classified by treatment assigned at
randomization. The safety analysis set will include all patients who receive ≥1 dose of study drug. Patients will be
classified by treatment assigned at randomization unless the incorrect treatment(s) was/were received throughout
the dosing period, in which case patients will be classified according to the first study treatment received.

PK analysis will be carried out on the PK concentration analysis set, defined as all patients who are treated and
who have ≥1 value of analyte concentration of glasdegib available, and the PK parameter analysis set, defined as all
patients who are treated and who have ≥1 of the PK parameters of interest.

The biomarker analysis set is defined as all patients who receive ≥1 dose of any study treatment and have ≥1
valid baseline biomarker assessment.

End point analysis
Efficacy will be based on all randomized patients, while analysis of safety and other end points will be carried out
in the relevant patient sets as defined above.

The primary analysis of OS will be performed based on the full analysis set. A one-sided stratified log-rank
test will be used with the overall significance level preserved at one-sided ≤0.025. For the intensive chemotherapy
population, this will happen when approximately 267 death events have occurred; the test is stratified by ELN
genetic risk and age ≤60 versus >60 years. For the nonintensive chemotherapy population, this will happen
when approximately 220 death events have occurred; the test is stratified by ELN genetic risk and age <75 versus
≥75 years. OS time associated with each treatment arm will be summarized using the Kaplan–Meier method and,
where appropriate, CI for the 25th, 50th (median) and 75th percentiles will be reported (using the Brookmeyer
and Crowley method and log–log transformation) [44,45]. Should over-stratification prevent model convergence or
if a large imbalance exists in the distribution (e.g., ≥90% patients from one strata level), the intermediate and poor
genetic risk groups may be pooled in the analysis. The Cox proportional hazards model will be fitted to compute
the treatment HR and the corresponding 95% CI.

The proportion of patients achieving each disease-specific efficacy end point (CR, CRh, CRi, MLFS and PR)
will be estimated with two-sided 95% CI, respectively (using normal approximation). The proportion of patients
achieving each end point will be compared between the treatment arms using one-sided Cochran Mantel Haenszel
stratified test and unstratified χ2 test. Duration of response will be analyzed using the Kaplan–Meier method;
median and corresponding two-sided 95% CI will be provided. Time to response for responders only will be
summarized descriptively (median, minimum and maximum).

EFS will be analyzed similarly to OS. Descriptive statistics including means, medians, standard deviations and
95% CIs will be provided for PROs. Statistical comparison of the two treatment groups for continuous PRO scores
will be based on a longitudinal repeated measures mixed effects model using baseline as a covariate.

The key secondary PRO end point based on the fatigue (tiredness) item from the MDASI-AML/MDS question-
naire will be analyzed for proportion of responders at weeks 8 and 12 for intensive and nonintensive chemotherapy
patients, respectively. The proportion of responders will be estimated with two-sided 95% CI (using normal ap-
proximation). The proportion of responders and two-sided 95% CI (using exact method) for each stratum will also
be provided. A hierarchical testing procedure will be followed, namely, a formal test of proportion of responders
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(using one-sided Cochran Mantel Haenszel test, stratified by ELN genetic risk and age) will only be conducted in
one population if the primary OS end point is met in that population (intensive or nonintensive treatment). The
risk ratio and two-sided 95% CI will also be summarized. Responder definition will be determined via anchor-based
methods using PGIS (primary) and PGIC (supportive), which will be supplemented with cumulative distribution
functions and probability density functions (PDF). Cumulative distribution function and PDF will be created
using individual change from baseline for the fatigue item score from the MDASI-AML/MDS at weeks 8 and 12
for intensive and nonintensive chemotherapy patients, respectively.

The number and percentage of patients who experience AEs, SAEs, laboratory test abnormalities and clinically
relevant ECG changes will be summarized.

Descriptive statistics (n, mean, standard deviation, coefficient of variation [CV], median, minimum, maximum
and geometric mean, and its associated CV) will be used for PK parameters and PK concentrations.

Biomarker assessments will be summarized and analyzed using appropriate methods, such as Wilcoxon signed-
rank test. Correlations of biomarker results with PK parameters and measures of efficacy may be examined using
Fisher’s exact test, logistic regression, Kaplan–Meier analysis or linear regression, as appropriate. Treatment group
comparison will be made using Wilcoxon rank-sum test, or linear mixed effects model, as appropriate.

Two interim analyses will be conducted after 50% (futility only) and 70% of deaths occur for the intensive
chemotherapy trial. One interim analysis will be conducted after 60% of deaths occur for the nonintensive
chemotherapy trial.

An external data monitoring committee (E-DMC) will be responsible for ongoing monitoring for patient safety
in both blinded studies at least once yearly. The E-DMC will also evaluate the results of all interim analyses. The
E-DMC will work with an unblinded reporting team separated from the blinded study team.

Conclusion
BRIGHT AML 1019 comprises two independent, separately powered Phase III, randomized, double-blind global
studies designed to investigate whether glasdegib is superior to placebo in combination with cytarabine and
daunorubicin (intensive trial) or azacitidine (nonintensive trial) in prolonging OS among patients with untreated
AML. Upon completion, these studies will provide substantial evidence which may be useful to support expanding
the current registration of glasdegib to include treatment of patients with AML in combination with ‘7 + 3’ or
azacitidine, in addition to the current approved indication in combination with LDAC for patients aged 75 years
or older or who have comorbidities that preclude use of intensive chemotherapy.
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Executive summary

Glasdegib in the treatment of acute myeloid leukemia
• Glasdegib is a smoothened inhibitor that has demonstrated potent and selective inhibition of Hedgehog (Hh)

signaling in vitro, significant antitumor efficacy in vivo and clinical activity in Phase I and Ib/II trials in patients
with hematologic malignancies, including untreated acute myeloid leukemia (AML) and high-risk myelodysplastic
syndrome (MDS).

• Glasdegib plus standard of care chemotherapy was generally well tolerated, with a manageable safety profile;
reported frequencies of alopecia, muscle spasms and dysgeusia appear lower than for other smoothened
inhibitors.

The BRIGHT AML 1019 trial
• BRIGHT AML 1019 (NCT03416179, B1371019) includes two independent, separately powered Phase III,

randomized (1:1), double-blind, global, placebo-controlled studies of chemotherapy in combination with
glasdegib or placebo in adult patients with untreated AML.

• The intensive chemotherapy study consists of glasdegib 100 mg once daily orally or placebo in combination with
cytarabine and daunorubicin (‘7 + 3’) induction (second induction with ‘7 + 3’ or ‘5 + 2’ if needed), followed by
consolidation with single-agent cytarabine, and/or hematopoietic stem cell transplantation (HSCT) for
appropriate patients.

• The nonintensive chemotherapy study consists of glasdegib 100 mg once daily orally or placebo plus azacitidine
for at least 6 cycles. Treatment is continued in the absence of progressive disease or toxicity. HSCT may be
performed as clinically indicated.

• For both studies, glasdegib/placebo therapy may be resumed postconsolidation or post-HSCT, but must be
discontinued permanently upon documentation of confirmed measurable/minimal residual disease negativity
postconsolidation or HSCT.

• For the intensive study participants, glasdegib/placebo may be continued for up to 2 years from randomization.
• Patients enrolled on the nonintensive study may continue glasdegib/placebo for as long as treatment is

considered to confer clinical benefit.
Objectives and end points of the BRIGHT AML 1019 trial
• The primary objective is to investigate whether glasdegib is superior to placebo in combination with azacitidine

or with ‘7 + 3’ chemotherapy in prolonging overall survival in patients with untreated AML.
• The primary end point is overall survival.
• The secondary objectives are:

• To compare other clinical efficacy measures, such as response rate and event-free survival.
• To estimate duration of response.
• To estimate time to response in the nonintensive trial.
• To compare fatigue scores, measured by MD Anderson Symptom Inventory AML/MDS Module

(MDASI-AML/MDS) and other patient-reported outcomes measurements.
• To evaluate the overall safety profile.
• To characterize pharmacokinetics of glasdegib and its effects on QTc interval.

Conclusion
• BRIGHT AML 1019 comprises two independently powered Phase III, randomized, double-blind trials. On

completion, the studies will provide substantial evidence that may be useful to support expanding the current
registration of glasdegib to include the treatment of patients with AML in combination with ‘7 + 3’
chemotherapy regimen or with azacitidine.
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34. Schuh AC, Döhner H, Pleyer L, Seymour JF, Fenaux P, Dombret H. Azacitidine in adult patients with acute myeloid leukemia. Crit.
Rev. Oncol. Hematol. 116, 159–177 (2017).

35. Dombret H, Seymour JF, Butrym A et al. International Phase III study of azacitidine vs conventional care regimens in older patients
with newly diagnosed AML with >30% blasts. Blood 126(3), 291–299 (2015).

36. Tibes R, Al-Kali A, Oliver GR et al. The Hedgehog pathway as targetable vulnerability with 5-azacytidine in myelodysplastic syndrome
and acute myeloid leukemia. J. Hematol. Oncol. 8, 114 (2015).
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